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Galileo orbits 0 an overview




SLRretroreflectors onboard Galileo

All Galileo satellites are equipped with the
LaserRetroreflector Arrays (LRA) thus, the orbit
validation of all Galileo orbits using SLRis
possible.

Galileo LRAs consist of 84 and 60 corner cube
retroreflectors for IOV and FOC, respectively.
The fused silica corner cubes are uncoated on
the rear reflecting side for both IOV and FOC

satellites, whereas the front side of IOV is ESTH =

coated by the anti-reflection indium tin oxide |0y LRA (84ccer) REEEREE Courtesy of ESA/Galileo

for 532 nm. ) o i
— —]

The uncoated corner cubes are preferable,
asthey increase the return rate signal strength
so that the target is easier acquirable. The test
GIOVEA/B satellites were equipped with

107,420,1

248,7

aluminum-coated retroreflectors, thus, their

return rates were typically lower than currently "

for IOV and FOC satellites. FOC LRA " mar]
(60 ccr) —_—
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Galileo satellites in orbit

PRN Number E1l E12 E19, E20 E18 E14 E26, E22 E24, E30 E08, EO9 EO1, EO2

Galileo- Galileo- Galileo - Galileo- Galileo- Galileo- Galileo-
101, 102 103, 104 201, 202 203, 204 205, 206 208, 209 210, 211
[e)Y] [0}V FOC FOC FOC FOC FOC
21-Oct- 12-Oct- 22-Aug- 27-Mar- 11-Sep- 17-Dec- 24-May-
2011 2012 2014 2015 2015 2015 2016
El, Eb5a, El, Eb5a, E1l, E5a, E1l, E5a, E1l, Eba, E1l, Eb5a, -
E5b, E5, E6 E5b, E5, E6, E5b, E5, E6 E5b, E5, E6 E5b, E5 E6 E5b, E5, E6
E20: only E1
since 25
Sep-2014
84 84 60 60 60 60 60
Corner cube dimensions [mm 33x23.3 33x23.3 28.2x19.1 28.2x19.1 28.2x19.1 28.2x19.1 28.2x19.1
Rear/front coating N/Y N/Y N/N N/N N/N N/N N/N
Y-yes, N-no
695 697 661/662 706 709 708 ~708
B A incorrect B c A c
0,019 0,019 0,020 0,019 0,019 0,019 ~0,019
29.600 29.600 27.978 29.602 29.601 29.600 ~29.600
23.225 23.225 17.178- 23.227 23.226 23.225 ~23.225
26.019
0.0001 0.0002 0.1585/ 0.0003 0.0004 0.0001 ~0.0002
0.1584
14.08 14.08 12.94 14.08 14.08 14.08 ~14.08
55.57 54.93 50.10/ 55.36 57.25 54.94 ~56
50.16
63.5 75.5 48.0/48.5 58.2 39.0 75.0 ~40
355.6 355.6 351.6 355.6 356.1 355.6 ~356
Revolution of ascending node 375 36.9 25.9/25.8 374 39.1 36.6 ~37
70.9 65.3 31.4/31.3 70.0 92.2 65.3 ~65
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Groundtrack of Galileo satellites

Nominal orbit (E30)
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SLRvalidation of Galileo orbits



What do we analyze?

mﬂcr@wave-based CNSS orbit

We compare the orbits of Galileo satellites based on
microwave GNSSdouble-difference observations
with the SLRobservations provided by the global
network of ILRSstations.

The microwave GNSSsolutions are generated by the
Center for Orbit Determination in Europe (CODE) in
the framework of the IGS Multi-GNSS Experiment
(MGEX)Since2014, CODE has been providing five
satellite system solutions based on GPS, GLONASS,
Galileo, BeiDou, and QZSSon an operational basis.

CODEusesthe new ECOM2 model for the orbit
generation.

Here, the comparison is done for the period:
2014.0-2016.5.

CODE 5systemssolutions are described in: Prange L, Orliac E, Dach R, Arnold D, =
Beutler G, Schaer S, Jaggi A (2016) CODE's fagystem orbit and clock solution-the A
challenges of multi-GNSS data analysis. Geod (in review), 2016.
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Validation of Galileo orbits: satellite types and orbital planes
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The RMS is 41, 45, 40 mm, respectivelyor IOV, FOC, and FOC in incorrect orbitsandt he mean of f set
22 mm. The mean offset of SLR r esi dncarécsorbitasplasesnasiwellas t
for E24 and E30, i.e., recently activated FOE&atellites.

The largest offset and the largest RMS is for E20, i.e., an IOV satellite with the microwave GNSS solutions only in
2014, as it has been transmitting the signal only on one frequency since 2014.

WROCEAW UNIVERSITY OF ENVIRONMENTAL AND LIFE SCIENCES



SLRdetector types

SLRstations typically employ 3 different detector types:

A Micro-Channel Plate (MCP: e.g., NASAstations+Matera+Wettzell

A Photo-Multiplier Tube (PMT): e.g., Russiarstations+Hartebeesthoek+Borowiec,
A Compensated Single-Photon Avalanche Diode (CSPAD)

e.g., most of Europeanstations+new Chinesestations+Mt Stromlo.
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Mean MCP=38 mm

Mean CSPAD=35 mm
(excluding Changchun and
San Juan; 42mmwhen
both included)

RMS of SLResidualsto all Galileo
satellites for different SLRstations.
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Stations sorted by the increasing

number of SLRobservations

Yarragadee, Australia

Mt Stromlo, Australia

Changchun, China

Graz, Austria

Wettzell, Germany

Matera, Italy

Herstmonceux, UK

Zimmerwald, Switzerland

Monument Peak, California

Shanghai, China
Greenbelt, Maryland

San Juan, Argentina

Brasilia, Brazil
Grasse, France (LLR)
Tahiti, French Polynesia

Arkhyz, Russia

Potsdam, Germany

McDonald Observatory, Texas

Svetloe, Russia

Hartebeesthoek, South Africa

>

Altay, Russia

>

Baikonur, Kazakhstan

>

Beijing, China

Zelenchuksaya, Russia
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Komsomolsk, Russia
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SLRsignature effect for selected SLRstations

Wettzell is a good representative of all high-
energy stations equipped with MCP or PMT:
the offset in the nadir direction equals to

a b o ut mm @@the slope w.r.t. nadir
angle equal smmbEabdh
Is a consequence of the satellite signature
effect due to the first reflection of laser
pulses from the nearest edge of the flat
retroreflector.

Herstmonceux is one of the SLR stations
operating strictly in the single -photon
regime. For Herstmonceux and for most of
the C-SPAD stations the nadir offset equals
to about I 20 mm, whereas the slope is
slightly smaller than that for high -energy
stations and dgmmal .

Changchunhas a large negative offset in the
nadir direction of I
+2.6 mm/E, whereas C
uncompensated SPAD, has an offset of

I 66 mm and the slope of

+2 . 3 nilhis nay indicate some issues
with filters or a proper energy control
(intensity-dependent bias).
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SLRsignature effect for different satellites and detector types

The smallest offset and RMS

of SLRresidualsis obtained for C-
SPADstations tracking Galileo in
incorrect orbital planes.

The smallestoffset cannot be
explained by the change of satellite
center-of-massdue to the fuel
consuption during the manouvers
when correcting the orbit
eccentricity.

The difference of the mean offsets
between C-SPAD and MCHs about.
12 mm for IOV and incorrect.

[ MCP | CSPAD|  PMT |
O Mean offset [mm]
IOV -45.8 -33.5 -46.1
-18.6 -6.7 -27.0
-30.0 -27.7 -48.8
] RMS frmm]
IOV 36.3 33.3 47.8
35.7 23.0 54.3
37.3 37.2 89.1
] No. obs.
Only highest-performing stations are included (European 15625 7059 2314
CSPADstations, NASAstations, Wettzell, Matera, all Russian 2383 1238 314
stations excluding Komsomolsk). FOC 2329 1361 110
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